surface temperature and the greenness index a moderate negative correlation was found 48 (r = À0.39; p < 0.01) for a typical dry season day. The results show that during the daytime 49 residential areas in the city centre recorded an LST of 46.2 ± 1.74°C. Urban Cool Island 50 Intensity (UCII) of the city ranged from 3.5 to 4.6°C compared to a 10 km buffer zone 51 around the city. This study shows that during the dry season in some cities, such as surface temperatures within a city relative to the surrounding area. Therefore, urban expansion can lead to radical changes in 62 the nature of the surface of the urbanized area. Usually, this urban extension causes temperatures to increase in temperate 63 and sub-tropical climates, a phenomenon known as the Urban Heat Island (UHI) effect (Ore, 1987; Weng et al., 2004; Farina, 64 2011). In contrast, built-up areas in semi-arid regions have been found to exhibit lower surface temperatures compared to 65 non-urbanized dry surroundings Cai and Du, 2009; Shigeta et al., 2009 ), which has been termed the Urban Cool 66 Island (UCI) effect. 67 Satellite sensors can be used to obtain the surface temperature of urban areas and to study the spatial variations of UHIs 68 and their development (Watson, 2012) . Rao (1972) reported the first study of Surface Urban Heat Island (SUHI) based on 69 satellite imagery. He used thermal Infrared Radiometer (IR) data of the Improved TIROS Operational Satellite (ITOS-1) to 70 study the; surface temperature patterns of the mid-Atlantic coast. Subsequently, Matson et al. (1978) (Kauth and Thomas, 1976) . This method has subsequently been widely applied, because in addition to the collection of mul-92 tiple measurements in different bands it shows the physical properties of the scene (Liu et al., 2014) . changes. In this study we use NDVI and NDBI to examine how they influence the SUCI intensity in a semi-arid environment. 96 Research on the UCI effect is still in its infancy (Li et al., 2011) and its characteristics in semi-arid environments still need 97 to be better quantified and understood. The objective of this study is to quantify the spatial structure of the SUCI in Erbil, as a 98 case study of a semi-arid climate and to establish the key determinant factors and patterns of the spatial distribution of LST 99 and SUCI. The contribution and novelty of this paper is: 100 Determination of the spatial distribution of the patterns of LST and SUCI in the different LULC and districts of the city of 101 Erbil. 102 Using wetness, brightness and greenness components derived from Landsat OLI by Tasselled Cap transformation (TCT), to 103 find key factors responsible for the spatial LST variation. Erbil is the capital city of the Kurdistan Region of Iraq. The city is located in northern Iraq and lies between 36°08 0 Nt o 107 36°14 0 N, and 43°57 0 Et o4 4°03 0 E. (Fig. 1 ). It is located 412 m above sea level (Sharif, 1998) . 108 In 2010, the estimated population of Erbil Governorate was 1,820,000, whilst the population in the city was 852,000 
Retrieval of LST 140
The digital number of Landsat TIRS was converted to at-sensor radiance, using Eq. (1) (USGS, 2013). where L k = at-sensor spectral radiance (W/(m 2 srad lm)); gain = (0.0003342) rescaling factor specific to each band from the 145 metadata. Offset = (0.1) rescaling factor added to each band from the metadata. DN = digital number of a given pixel. 146 These values were subsequently converted to at-satellite brightness temperature with Eq. (2): TB ¼ The Emissivity Normalisation Method was applied here. It was first described by Gillespie (1986) The spatial distribution of LST indicates significant differences between the urban thermal environment and its surround-222 ings. The mean LST inside the city was 46.2 ± 1.74°C, compared to a mean LST of 50.1 ± 1.76°C in the10 km buffer zone sur-223 rounding the city. The UCII of the city ranges from 3.5 to 4.6°C ( Table 2) . 224 
Variation of LST with land use/land cover 225
The influence of land cover on LST and SUHII was assessed by calculating zonal statistics. Fig. 3 
Variation of SUCI and SUHI in selected LULC classes 232
The magnitude of the SUHII/SUCII varies considerably between LULC categories (Fig. 3) . Relative warming (compared to 233 the buffer zone) of 3.01°C is associated with the Airport class. Warming was also exhibited in the Bare Soil (0.83°C) and 234 Open Area (0.4°C) classes. This warming is due to low soil moisture and limited tree and other plant cover in these areas. 235 In contrast, a surface urban cool island was evident in all other land cover types. The greatest SUCI intensity is 9.88°C found 236 at the artificial lakes within the Sami Abdurrahman Park compared to the mean LST of the buffer of the city at the same time. 237 Green areas experienced a significant decrease of temperature compared to the mean temperature of the city. The SUCI 238 intensity values of Dense Trees and Grass is 7.3 and 6.24°C, respectively. The main reasons for this difference are the low 239 heat storage capacity and heat losses through evaporation and transpiration processes in the green areas. The wetness of the city centre is 27.39 ± 8.29 whilst the buffer is less wet (15.49 ± 6.8). The main factor explaining the 252 decrease of LST in the city is higher soil moisture. In terms of brightness, the buffer of the city is brighter (77.32 ± 6.08) 253 and the mean brightness of the city is 69.14 ± 5.93. Generally, vegetation in the study area in the summer is low. The mean 254 greenness of the city is 23.23 ± 7.52 and the buffer is more greenness (28.93 ± 5.29). 255 Between surface temperature and greenness Index a moderate negative correlation was found (r = À0.39; p < 0.01). The 268 reason for this lack of correspondence is the lack of vegetation, especially during the dry season in the study area. However, 269 in general areas of high greenness will exhibit lower surface temperature. 
Relationship between land surface temperature and wetness, brightness and greenness in different LULC classes

Relationship between LST and built-up and vegetation index 281
Regression analysis was performed between mean LST and mean NDBI and NDVI index for each district of the city. Fig. 8 282 shows the results of these relationships, where each point on a scatter plot represents a district in the city. In the summer the climate of the city of Erbil is dry and hot. In such dry environments during the daytime the land surface 301 on the outskirts of the city absorbs more heat than the urban area itself. Because the rural land surface is largely dry and 302 barren in the dry season, it does not have large evaporation and transpiration effects to mitigate the temperature of the soil. 303 Through examining the relationship between LST and SUCI with WI, GVI, BI and vegetation indices, it was found that a high 304 bareness index is the most significant factor corresponding to an increase in LST. Likewise, the results indicate wetness is the 305 second important factor in determining LST. 306 
Conclusions
307
This investigation of the spatial distribution of surface temperature in Erbil city found that there is an inverse relationship 308 between the building density and the surface temperature. Inside the city centre and high-density districts, the surface tem-309 perature is reduced in comparison to the surroundings of the city. However, on the outskirts of the city and in the modern 310 districts with low-density housing construction, the surface temperature is increased. A daytime SUCI effect is diagnosed for 311 the city centre and a SUHI effect for the low-density developments. Therefore, it will be possible in the future with a change 312 from the rural to the compact low-rise areas, led to decrease a daytime surface temperature. 313 The research found a strong relationship between LST/SUCI with the wetness index and the Built-up index. Therefore, 314 wetness and bareness are the main factors leading to the SUCI in the semi-arid environment of Erbil. 315 We conclude that in cities such as Erbil the surface wetness is the main determinant of the SUCI. This paper is limited to 316 the spatial variation of the SUCI in the daytime during the dry season. Temporal variations including seasonal, diurnal and 317 decadal variation of SUCI/SUHI in Erbil have been investigated by researchers and will be published in a forthcoming paper. 318 Future studies on surface temperatures of cities in dry and semi-dry environments are required to confirm the results of this 319 paper. Other research should focus on air temperature based Urban Heat Island exploration and the relationship between 320 surface and air temperature UCI. 321 
